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Even  before  Sojourner had made its first wheel tracks on Mars, it was  anticipated  that  this  rover  would  only 
be  the first of a series of surface  exploration  spacecraft targeted for  this  planet.  While it will  be  Sojourner’s 
flight  spare  that  drives on Mars in 2002, the next leap i n  technical capability  exhibited  by  rovers  will be in 
the 2003/2005  mission set, where much larger rovers will perform rock and soil  sample  collection  for return 
to Earth.  These  rovers will have  greater innate capabilities,  opening  the  door  for the insertion of  new 
robotics  technologies  that  have been  in development  since  the inception of  the  Pathfinder  mission  five  years 
ago.  Amongst  these are: on-board stereo vision processing, autonomous  landerless  operations,  manipulation 
and  instrument  positioning  by  arms, precision navigation for  rovedlander  rendezvous,  and  distributed 
ground  operations. 

Of fundamental  importance to  the incorporation of  the  new  capabilities on next  generation  rovers  is  the use 
of a more  capable  electronics,  sensing and instrumentation infrastructure located  on-board the rover.  For 
instance, as Sojourner  was  being prepared for flight, JPL was constructing  a  new  prototype,  Rocky 7. 
Several  key  features  were added to  support long trips  away from the lander: a deployable  mast to raise 
cameras  and  take  panoramic  images  of  the  surrounding  terrain, a shorter arm for  sample  acquisition  and 
instrument  placement,  and a sun sensor to accurately  determine heading during  driving.  These  features  were 
demonstrated in a series of field  test in the  Mojave  Desert in 1997,  which led directly to  the acceptance of 
the  03/05  missions. 

However, the 03/05 mission concept  selected  requires  an  enlarged  rover  that  has the added  functionality of 
carrying  a  drill  for rock sampling, larger wheels for  enhanced  mobility,  and a significantly  upgraded  science 
instrument  suite (as opposed the Sojourner rover). Therefore,  to  support  continued  field  tests with the 
selected  science  team  for  the  03/05 mission, a new  Field  Integrated  Design  and  Operations  (FIDO)  rover 
was  conceived,  designed, integrated during a 12 month period and demonstrated in desert  tests in April, 
1999.  The  FIDO  rover  reflects  the  current  engineering  sensors and science  instrument  suite  that  are  planned 
for  the  03/05  mission.  While  this  rover  will  continue  to  act as an operations  testbed  for  mission  scientists, it 
has a second  function as an integration testbed for new technologies  that  continue to  be developed in 
ongoing research efforts. 

These research efforts  are  supported by the JPL core  robotics  technology program which include  the  Rocky 
7 rover, as well as another  platform,  the  Sample  Return Rover (SRR).  Recently  these  rovers  have each been 
dedicated to increasing  autonomy i n  two respective halves  of  the  exploration problem: autonomous  motion 
away from and  back  to the lander. New techniques  employed  include  estimation  and visual localization,  on- 
board path and  sequence re-planning, and natural and man-made  target  recognition  and  tracking. 
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: pair breaking  in cuprate superconduct,ors via injection of 
x ized  quasiparticles in perovskite F-I-S heterostructures 
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+mental evidence of dynamic Cooper  pair  breaking  induced by apin-polarized quasipartizits in 
tductors by studying the  critical current deneity and quasiparticle density of states of fertornegnet- 
mductor (F-I-S) heterostructures. The spin dlKusion length and relaxation time are lrlso estimated. 
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omagnet-insulator-superconductor 
to be primarily  induced by Joule 
lend this problem, we adopted a 
iechnique and in-sif.u thermometry 

wthor. E-mail: ncyehClcaltech.edu . This 
Yporsed by NSF and blASA/OSS. 

eJ to Phyaica B 

151, so that  the effect of Joule  hcating is limited to 
< 10 mK. In  this work, we report  macracopic  and 
microscopic experimental evidence of dynamic 
pair  breaking induced by spin-polarized QP cur- 
rents in pcrovskite F-I-S heterostructures.  These 
results are compared  with  control  samples of N-I-S 
heterostructures (N: non-magnetic  metal). 

The F-T-S and N-I-S samples are fabricated 
using the pulsed-laser deposition  technique [5]. 
The chemical  formulae and tthAcnesses of the 
constituent layers are: 
- F: L ~ . 7 C w ~ M n 0 ' 3  (LCMO) and Laa.-~Sro,3Mn03 

(LSMO), 100 nm. 
- I: SfliOs (S'fO), 2.0 nm;  and  yttria-stabilized- 

zirconia (YSZ), 1.3 rim. 
- N: LaNiOs (LNO), lo0 nrn. 
- S :  YBagCu307 (YBCO), 100 nm. 
The effect of spin-polarized  current Im on the  crit- 
ical current  density (Jc )  of YHCO is shown in Fig- 
ure 1(a), and the  absence of effect in  the N-I-" L > sam- 
ple is illustrated in Figure l(b).  We note that  the 
suppression of J,  in F-I-S becomes significar t only 
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Fig. 1. (a) Effect f the spin-polarid quussiprcrticle current 
(Im) an the J ,  d YBCO in nn F-1-3 hrktmtructure. (b) 

on injwtion in an N-l--S control ~ m p k .  

imple QP reluxation through 
on  scattering [I], we may as- 

- 3 . 7 ~ , , k ~ T , / ( h ( T ) ) ,  
intermtion  time asso- 
netgy E,  - 30 K in 
rage d- wave eupercon- 

in 7# -+ 3 x 10-"~[1- 
ion  length e, may be 
where PO is the elec- 

20 nm, we find that 
80 nrn (- sample 

1. This estimate is 

&[I - (T/To)]''* 

tron mean 

lustrates the dif- 

which spectrsl smearing a p  

Fig. 2. STM ~ectrocsopy data taken at 4.2 K on ( I . )  F-I-S 
and (b) N-I-S samples under  varying I,, showing I oncon- 
served spectral area and nonuniform zerebias condrtctance 
for the former, (W of (a)), and relative apeztral invari- 
ance for the fatter, (Inset of (b)). 

tral  studies of YBCO in the N-I-S sample  exh .bit no 
detectable  dependence on the injection, as &own 
in the main panel and the  inset of Figure 2(b). 
These results suggest that  spin-polarized QP's are 
strong  "pair  breakers".  More  investigation is un- 
derway Lo determine  relevant physical parameters 
associated  with the  dynamic  pair  breaking  and 
quasiparticle  tranport in cnprate supercondttctors. 
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